The objective of this study was to determine the effect of single and co-inoculation of plant growth promoting bacteria (PGPB) on early plant growth in Saemangeum reclaimed soil. Plant growth promoting Brevibacterium iodinum RS16 and Methylobacterium oryzae CBMB20 were inoculated on maize (Zea mays L.) and sorghum-sudangrass hybrid (Sorghum bicolor L.) grown in Saemangeum reclaimed soil. Single and co-inoculation of B. iodinum RS16 and M. oryzae CBMB20 increased plant height, dry biomass accumulation and macro-nutrient accumulation of maize and sorghum-sudangrass hybrid. M. oryzae CBMB20 treatment increased plant height in maize by 41.2% at 30 days after sowing (DAS), shoot dry weight and total dry weight compared to non-inoculated treatment. Macro-nutrient accumulation (N and P) in maize roots was significantly increased with co-inoculation treatment, K and Ca content was significantly increased at B. iodinum RS16 treatment compared to non-inoculated treatment. Macro-nutrient accumulation (P, K, Ca and Mg) in shoot was higher with M. oryzae CBMB20 treatment compared to non-inoculated treatment. In case of sorghum-sudangrass hybrid, co-inoculation treatment showed 33.7% increase in plant height compared to non-inoculated treatment at 30 DAS. M. oryzae CBMB20 treatment increased root dry weight and total dry weight, macro-nutrient accumulation in roots and N, Ca and Mg accumulation in shoot compared to non-inoculated treatment. P and K accumulation in shoot was significantly increased at co-inoculation treatment compared to non-inoculated treatment. This pot culture experiment demonstrated that single and co-inoculation of B. iodinum RS16 and M. oryzae CBMB20 increased the early growth and nutrient accumulation of maize and sorghum-sudangrass hybrid.
Introduction
Saemangeum development project is a national project to build a global city as a frontrunner of green growth. It will create 283 km 2 of reclaimed land and a lake as large as 118 km 2 by constructing the world's longest 33.9 km sea dike (Lie et al., 2008) . It is an estuary tidal flat on the coast of the West Sea in South Korea. It was dammed by the government of South Korea in April 2006 and is scheduled to be converted into either agricultural or industrial land (Ryu et al., 2010) . Thirty percent of the land in Saemangeum has been set aside for agricultural proposes of which barely 17% are under low levels of salinity and thereby, sustainable for cultivation. The remaining 83% of the land has salt levels ranging from 0.3 -1.0% and deemed not suitable for crop growth. The physical and chemical properties including organic matter (0.1 -0.5%), major and minor nutrients levels were very low . In theory, crop establishment and growth can be increased by removal of salt through mechanical or chemical methods and by improvement of nutrient status of the soil through application of organic and inorganic fertilizers. In practice, these processes entail exorbitant costs and pose negative impacts on the environment from use of inorganic fertilizers. A feasible and low cost option proposed is the use of microbial inoculants. Benefits to plants from interactions with plant growth promoting rhizobacteria (PGPR) have been shown to include increases in seed germination rate, yield, leaf area (Mahaffee and Kloepper, 1994) , root growth, shoot and root weights (Bashan et al., 2004; Bakker et al., 2007) , nutrient uptake (Mantelin and Touraine, 2004) , tolerance to abiotic stress (Yang et al., 2009) . Other beneficial effects of PGPR strains include enhancing phosphorus availability (Rodriguez and Fraga, 1999) ; fixing atmospheric nitrogen (Bashan et al., 2004) ; sequestering iron for plants by production of siderophores (Bakker et al., 2007) ; producing plant hormones such as gibberellins, cytokinins, and auxins (Gutierrez et al., 2001) ; and synthesizing the enzyme 1-aminocyclopropane-1-carboxylate (ACC) deaminase, which lowers plant ethylene levels, thereby reducing environmental stress on plants (Glick et al., 2007) .
Brevibacterium iodinum RS16 was isolated from West
Coast soil of Yellow Sea, Incheon, South Korea and reported for its efficiency in improving red pepper plant growth under salt stress (Siddikee et al., 2011) . This strain exhibits PGP characters like nitrogen fixation, IAA and ACC deaminase production. This halotolerant bacterium, having the ability to produce both ACC deaminase and IAA, was found to enhance root elongation and dry weight of canola to a greater extent than strains that produced ACC deaminase solely (Siddikee et al., 2010) . The genus Methylobacterium includes a group of strictly aerobic, Gram-negative, pink pigmented, facultative methylotrophic (PPFM) bacteria characterized by their ability to utilize single-carbon compounds, like methanol and formaldehyde via the serine pathway, as well as a wide range of multi-carbon growth substrates (Green, 1992) . Methylobacterium oryzae CBMB20 was isolated from rice stem and has been proven to have many plant growth promoting traits (Madhaiyan et al., 2007) . This bacterial strain has the ability to produce ACC deaminase, which helps in the breakdown of ACC and reduce plant ethylene level, which inhibit plant growth at high concentration (Arshad and Frankenberger, 2002) . Methylobacterium has also been reported to antagonize various phytopathogen and induced systemic resistance in plant Indiragandhi et al., 2008) . Some of the stains have been reported for growth enhancement in rice , tomato and red pepper . In this study, we have tested the single and co-inoculation effect of these two PGPB (B. iodinum RS16 and M. oryzae CBMB20) strains on maize and sorghum-sudangrass hybrid growth in Saemangeum reclaimed soil.
Materials and Methods
Bacterial strains and cultural condition For inoculum preparation, a single colony of B. iodinum RS16 grown on tryptic soy agar (TSA) media supplemented with 5% (∼0.85 M) NaCl (pH 7.2) was transferred to 25 mL tryptic soy broth (TSB) and incubated at 30℃ on a shaker (150 rpm) for 24 h. After 24 h incubation, 1.0 mL of the culture (1 × 10 8 cfu mL ) was transferred to 100 mL fresh TSB and allowed to grow for another 24 h. M. oryzae CBMB20 single colony was grown in ammonium mineral salt (AMS) media with 0.5% sodium succinate was transferred to 25 mL AMS broth and incubated at 30℃ on a shaker (150 rpm) for 72 h. After 72 h incubation, 1.0 mL the culture (1 × 10 8 cfu mL -1
) was transferred to 100 mL fresh AMS broth and allowed to grow for another 72 h. ; available P, 21.9 mg P2O5 kg -1 . In this study maize (Zea mays L.) and sorghum-sudangrass hybrid (Sorghum bicolor L.) were used as experimental crops. These two crops showed high salinity tolerance in Saemangeum Sohn et al., 2010) and other reclaimed land (Shin et al., 2007; Sohn et al., 2009 ). This experiment was done with four treatments (T1 -Control, T2 -RS16, T3 -CBMB20 and T4 -RS16 + CBMB20) using two crops (maize and sorghum-sudangrass hybrid). Plastic pots were filled with 2 kg Saemangeum reclaimed soil. 
Pot experimental design

Bacterial inoculation
Before use in assays, maize and sorghum-sudangrass hybrid seeds were surface sterilized by immersing in 70% ethanol and NaOCl. Bacterial inocula were prepared by growing B. iodinum RS16 and M. oryzae CBMB20 strains in their respective media. Seeds were then soaked in each bacterial suspension (1 × 10 8 cfu mL -1
) and were allowed to be imbibed by for 4 h at room temperature. The seeds were sown in plastic pots containing Saemangeum reclaimed soil. Subsequent inoculations with B. iodinum RS16 and M. oryzae CBMB20 were done 7-, 14-, 21-and 27 DAS. The bacterial strains were mass produced in 5 L fermenter (Bio cns 5 L lab fermenter, South korea). Single inoculation pots received 20 mL of culture (1 x 10 8 cfu mL
) which is dissolved in 0.1 M phosphate buffer solution pH 7.0. For co-inoculation pots, 10 mL of each culture was used.
Plant growth and nutrient accumulation Inoculation effect of B. iodinum RS16 and M. oryzae CBMB20 on plant height was recorded at 10-, 15-, 20-, 25-and 30 days after sowing. Plant biomass, in terms of root, shoot dry weight was recorded 30 DAS. Total nitrogen (N) in roots and shoots was determined by a Kjeldahl Autoanalyzer 1030. Dried powdered plant samples (200 mg) were digested with sulphuric acid and potassium sulphate in a hot plate until a clear liquid was obtained. Total N in the digested samples were then analyzed with a Kjeldahl Autoanalyzer. Phosphorus (P) was analyzed by UV/Vis spectrophotometer. Other macro-nutrients like potassium (K), calcium (Ca), and magnesium (Mg) absorbed by the plants were analyzed using Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES, Optima 5300 DV, Perkin Elmer, USA). The data were expressed as uptake of nutrient by root and shoot on dry weight basis for individual plants.
Statistical analysis There was a total of 4 treatments, each containing 4 replicates in a completely randomized block design. Analysis of variance and LSD were calculated using SAS Version 9.1 (SAS 2009).
Results and Discussion
Effect of B. iodinum RS16 and M. oryzae CBMB20 on plant height Single and co-inoculation of B. iodinum RS16 and M. oryzae CBMB20 on maize and sorghumsudangrass hybrid seedlings showed significant increase in plant height compared to non-inoculated (Fig. 1) . Maize plant height observed at 10, 15, 20, 25 and 30 DAS, significant different over non-inoculated treatment was observed for M. oryzae CBMB20 and co-inoculation treatment after 20 DAS (Fig. 1(a) ). Significant improvement was also observed between microbial treatment with B. iodinum RS16, M. oryzae CBMB20 and co-inoculation and that of the non-inoculated treatment at 28.3%, 41.2% and 33.9%, respectively. In case of sorghum-sudangrass hybrid, at 15 DAS single inoculation of M. oryzae CBMB20 and co-inoculation treatments showed significant height increase compared to non-inoculated treatment ( Fig. 1(b) ). Co-inoculation treatment showed 33.7% increase in plant height compared to noninoculated treatment at 30 DAS. It was observed that single and co-inoculation of PGPB strains significantly improved Effect of co-inoculation of Brevibacterium iodinum RS16 and Methylobacterium oryzae CBMB20 on the early growth of crop plants in Saemangeum reclaimed soil Each value represents the average of four replicates per treatment ± S.E. Significant difference according to LSD at P≤0.05 levels are indicated by different letter. plant growth. Several earlier studies also documented the single and co-inoculation increased plant height (Kim et al., 2012; Saber et al., 2012) . We got the same kind of results with Adesemoye and Kloepper (2009) , who reported that plant height significantly higher in bacterial inoculated treatment compared to non-inoculated treatment.
Effect of B. iodinum RS16 and M. oryzae CBMB20 on dry biomass Single and co-inoculation effects of B.
iodinum RS16 and M. oryzae CBMB20 showed significant increase in the maize and sorghum-sudangrass hybrid dry biomass accumulation in root, shoot and total plant (Fig.  2 ). Significant differences in root dry weight of maize was observed between inoculated and control plants (Fig.  2(a) ). Higher shoot dry weight of maize was observed for M. oryzae CBMB20 treatment (1.25 g) followed by coinoculation treatment (1.22 g), with these two treatments having significantly increased shoot dry weight compared to non-inoculated treatment at 68.9% and 64.9%, respectively. Total dry weight of maize significantly increased between treatments with M. oryzae CBMB20 (76.8%) and co-inoculation treatment (74.1%) compared to the non-inoculated treatment. In case of sorghum-sudangrass hybrid, significant increase in root (0.16 g) and total dry weight (0.34 g) was observed with single inoculation of M. oryzae CBMB20 compared to non-inoculated (Fig. 2(b) ). Shoot dry weight of sorghumsudangrass hybrid co-inoculation (0.21 g) treatment showed higher values compared to other treatments. There were similarities in these results to those of Hernandez and Chailloux (2004) , who reported that tomato grown in the greenhouse with two PGPR showed significantly higher dry weight compared to single PGPR treated plant. Several reports have been shown for the beneficial effects of single and co-inoculation of PGPR strains on dry biomass (Anandham et al., 2007; Saber et al., 2012; Aung et al., 2013) .
Effect of B. iodinum RS16 and M. oryzae CBMB20 on the macro-nutrient accumulation in plant root and shoot Single and co-inoculation effects of B. iodinum RS16 and M. oryzae CBMB20 on macro-nutrient accumulation Table 2 . Effect of B. iodinum RS16 and M. oryzae CBMB20 on macro-nutrient accumulation in root and shoot of sorghumsudangrass hybrid. of maize root and shoot are summarized in Table 1 . Significantly higher accumulation of N and P in roots of maize was observed among co-inoculated plants compared to non-inoculated plants. B. iodinum RS16 increased the content of K, Ca and Mg in roots of maize. Microbial inoculation significantly increased the accumulation of macronutrient in roots. In maize, higher shoot P, K, Ca and Mg were observed in M. oryzae CBMB20 treatment and significantly differed from other treatments. Co-inoculation treatment showed significant difference in shoot N compared to B. iodinum RS16 and non-inoculated treatments. The effects of B. iodinum RS16 and M. oryzae CBMB20 inoculation and co-inoculation on sorghum-sudangrass hybrid macronutrient accumulation in roots and shoot are showed in Table 2 . Single inoculation of M. oryzae CBMB20 and co-inoculation showed significantly higher N, P, K, Ca and Mg accumulation in roots of sorghum-sudangrass hybrid compared to non-inoculated treatment. Higher N, P, K, Ca and Mg accumulation in roots was observed in M. oryzae CBMB20 treatment. Significant difference between microbial treatments and non-inoculated treatment was observed for shoot N, P and K of sorghum-sudangrass hybrid. Likewise, M. oryzae CBMB20 treatment showed significantly higher shoot N, Ca and Mg accumulation, whereas co-inoculation treatment showed significant difference in shoot P and K compared to other treatments. This kind of increase of nutrient accumulation by PGP bacterial strains was demonstrated under pot and field conditions (Han et al., 2006; Askary et al., 2009 ).
Conclusion
The results of this study proved that single and coinoculation of PGPB strains (B. iodinum RS16 and M. oryzae CBMB20) significantly improved plant growth of maize and sorghum-sudangrass hybrid in Saemangeum reclaimed soil. Moreover, macro-nutrient accumulation of maize and sorghum-sudangrass hybrid was significantly increased with single and co-inoculation of B. iodinum RS16 and M. oryzae CBMB20. The consistent improvement of maize and sorghum-sudangrass hybrid growth by B. iodinum RS16 and M. oryzae CBMB20 suggest the potential of these strains for large scale field application.
